Journal of a Fish Production Technician by Suiso, Mark
Journal of a Fish 
Production Technicfan 
Prepred for Oceanic Institute 
bs 
Mark Suiso 
June 2, 1978 
TAELE OF CONTEhTTS 
L i s t  of I l l u s t r a t i o n s  . . . . . . . . . . . . . . . . . . . .  iii 
Abstract . . . . . . . . . . . . . . . . . . . . . . . . . .  iv 
. . . . . . . . . . . . . . . . . . . . . .  1.00 Introduction 
1.10 Purpose . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . .  1.20Background 
. . . . . . . . . . . . . . . . . . . . . .  1.30Problem 
1.40Scope . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . .  2.00 Fish Collecting 3 
2.10 Post-larval Awa . . . . . . . . . . . . . . . . . .  3 
. . . . . . . . . . . . . . . . . . . .  2.11General 3 
. . . . . . . . . . . . . . . . .  2 .12Ea te r5a l s . .  3 
2.13 Procedure . . . . . . . . . . . . . ~ . ~ ~ ~ .  4 
. . . . . . . . . . . . . . .  2.20 Juveni leMullet  andAwa 4 
2.21,General . . . . . . . . . . . . . . . . . . . .  4 
. . . . . . . . . . . . . . . . . . .  2.22 Materials 5 
. . . . . . . . . . . . . . . . . .  2.23Procednre.  5 
. . . . . . . . . . . .  2.30 Adult S t r i p e d H u l l e t a n d  Awa 8 
. . . . . . . . . . . . . . . . . . . .  2.31General 8 
. . . . . . . . . . . . . . . . . . .  2.32 Materials 9 
. . . . . . . . . . . . . . . . . .  2.33Procedure.  9 
. . . . . . . . . . . . . . . . . .  2.40 Seining i n  Ponds 11 
2.4lGeneral . . . . . . ~ . . . . . ~ . . . ~ . . ~  11 
. . . . . . . . . . . . . . . . . . .  2.42Matedals  11 
. . . . . . . . . . . . . . . . . . .  2.43 Procedure 1 2  
. . . . . . . . . . . . . . . . . .  2.44blatureAwas 1 2  
. . . . .  2.50 Collecting Discussion and Recommendations 13 
. . . . . . . . . . . . . . . . . .  2.51SeineNets  13 
. . . . . . . . . . . . . . . . . . .  2 . 5 2 m p N e t s  13 
. . . . . . . . . . . . . . . . . .  2 . 5 3 G i l l N e t s .  14 
. . . . . . . . . . . . . . .  2.54 Transport Tanks 14 
2.55 Transport of Fish bjr-Hand . . e m . . . . . . .  14 
3.00 Handling and Quarantine of Collected o r  Transported Fish 15 
. . . . . . . . . . . . . . . . . . . .  3.10Procedure.  15 
3.20 L i f t i ng  the Quarantine . . . . . . . . . . . . . .  16 
3.30 Conditioning t o  Handling . . . . . . . . . . . . . .  16 
5.00 Disease Iden t i f i ca t ion  and'Treatmant . . . . . . . . . . .  22 
. . . . . . . . . . . . . . . . . . . . .  5.10 Iden t i f i ca t ion  22 
. . . . . . . . . . . . . . . . . . . . . .  5.20 Treatments 23 
. . . . . . . . . . . . . . . . . . . . .  ~ . 3 0 D i s c u s s i o n .  27 
6.00 Inducement of Spawning and Larval Rearing . . . . . . . . .  31 
. . . . . . . . . . . . . . . .  6.10 Procedure f o r  Mullet 31 
. . . . . . . . . . . .  6.20 Techniques for  Other Species 33 
7.00 Animal Elanagement Toward Faintaining a Suitable Envirornent 34 
. . . . . . . . . . . . . . . .  7.10 Culturing Practises 34 
7 . 1 1 H a d i n g  . . . . . . . . . . . . . . . . . . .  34 
7.12Vater . . . . . . . . . . . . . . . . . . . . .  34 
7.13 Stocking Density . . . . . . . . . . . . . . .  34 
. . . . . . . . . . . . . . . . . . . .  7 . 2 0 E q n i p e n t .  YJ. 
7.30Records . . . . . . . . . . . . . . . . .~ . . . .  34 
Footnotes . . . . . . . . . . . . . . . . . * . . e * * . . . .  40 
LISF OF IUUSTRATIO?. 23 
Figures Page 
.................... 1 OahuFishMap 6 
. . . . . . . . . . . . . . . .  2 Seine Net Technique 8 
3 H i u l l e t  . . . . . . . . . . . . . . . . . . . . . .  8 
4 Am ........................ 9 
................ 5 G i l l  Net Technique 10 
................ 6 Flov Through Tank 11 
Tables 
3 Principal Infec t ious  Mseases  of Tropical Fish 
. ... ......... and Their &tin Symptoms '. 24 26 
4 Treatments for Fish Diseases ........... 28 . 30 
k3ST'UCT 
This journal i s  a comprehensive descr3ption of m y  experience as  
a t e c h ~ i c i a n  with t he  f i s h  production s t a f f  a t  Oceanic I n s t i t u t e .  It 
descr ibes  methodss of co l lec t ing  f i s h ,  primarily d i f f e r en t  sizes of 
mullet (Kugil cephalus) and awa o r  milkfish (Chanos chanos) . It then 
describes how these f i s h  were quarantined, healed of i n j u r i e s  and 
dis infected before introduced t o  t h e  res ident  f ish .  The f i s h  w e r e  
fed various d i e t s ,  according t o  t h e i r  suspected needs and what they 
would eat .  Diseases occured but were not often properly diagnosed 
o r  cured: however, a few were and some methods fo r  disease i den t i f i ca t ion  
were described. The work done by me was  a l l  i n  preparation f o r  t h e  
a r t i f i c i a l  inducement of spawnj ng of f i sh .  Mullet was however, t h e  
only species successfully induced t o  spawn. The technique involved 
hormone in jec t ions ,  then special  t echdques  f o r  incubating eggs and 
rear ing larvae. 
1 .OO IlSrRODUCTION 
1.10 PURPOSE 
T h i s  j ou rml  describes my du t i e s  a s  a f i s h  production technician. 
It i s  intended t o  serve a s  a guide when training f i s h  production 
technicians. It i s  a l s o  intended t o  help anyone in te res ted  i n  t h e  
aspec ts  involved i n  r a i s ing  f i s h  on a l a r g e  scale. 
1.20 BACKGROUND 
The Oceanic I n s t i t u t e  a t  Makapuu Point I s  primarily an aquacdl- 
t u r a l  research f a c i l i t y  f o r  t h e  development of spawning and rear ing  
techniques of t rop ica l  marine food-fish. They have become well known 
by developing technique f o r  a r t i f i c i a l l y  inducing s t r ipped m u l l e t  
( ~ u g i l  c e ~ h a l u s )  t o  spawn. They a r e  current ly  working on a s imi la r  
technique f o r  awa o r  milkfish (Chanos chanos). Both of t hese  species 
a r e  important proteins  sources i n  t h e  t rop ica l  world. The Oceanic 
I n s t i t u t e  a l s o  has an  engineering and pathology s t a f f  t h a t  supports 
t h e  balance of i t s  aquaculture research. 
I n  June of 1975, I was hired by them as a Fish production techni- 
cian. I worked a t  t h a t  posi t ion f o r  t h ree  consecutive smmers and f o r  
t h e  1975 - 1976 school year i n  a part-time capacity. I hoped thPt  t h i s  
would give m e  t h e  p rac t i ca l  experience needed f o r  a career  i n  aquaculture. 
. - 
1.30 PROBIZM 
I found t h a t  ins t ruc t iona l  supervision was m i n j . r n ~ 1  because everyone 
had too much of t h e i r  own t o  do o r  t h e  task was new t o  t h e  supemlsor  
a s  well. The procedures developed were t h e  remil t  of many hours of 
t r i a l  and e r ro r  o r  of colleagues recommendations. We were ofken e v e n  
t askes  unfamiliar t o  us  and a f t e r  some expense worked out a solut ion J 
only t o  f ind  t h a t  someone e l s e  already had a r e l i a b l e  method o r  t o  f i n d  
t h a t  t he  other  technician did  not know you were fami l ia r  wi th  t h e  task  
and would start from scrotch unnecessarily. 
1.40 SCOPE 
This  j o u m l  contains t h e  methodology I used and m y  recommendations 
for the chores assigned t o  me. These r e spons ib i l i t i e s  a r e  divided in to  
six ma3or areas: fish col lect ing,  handling and quarantine of col lected 
o r  transported f i s h ,  feeding of t h e  f ibh ,  disease i den t i f i ca t ion  and 
treatment, inducement of spawning ant: l a r v a l  rear ing,  and animal manage- 
ment toward maintaining a su i tab le  environment. 
0 
2.00 F'ISH COUECTIhG 
T h i s  sect ion describes methods of  capturing specimens found most 
e f f ec t ive  and least injurious.  The eqnipment used and t h e  fisherman's 
respons ib i l i ty  were well worked out,  It describes methods of capturing 
post-larval awa, juvenile mullet and a m ,  adu l t  s t r iped  mullet and awa, 
a ~ d  o ther  species. There i s  a l s o  a separate sect ion on seining of  
f i s h  ponds. 
2.10 POST-LARVAL AM4 
2.11 General 
Post-larval awa o r  milkfish (Chanos chanos) were found mainly during 
t h e  l a t e  summei. and f a l l  (July t o  September). These f i s h  a r e  approximately 
3 t o  6 weeks of age and i n  comparison t o  mullet of t h e  same age, are 
q u i t e  hardy. The f i s h  a r e  1.2 t o  2 c e ~ t i m e t e r s  standard length,  very 
t h i n  and transparent.  They were found i n  es tuar ies  with f resh  water 
sources. The Hawaii Kai drainage on Wainiha S t r ee t  was found t o  be 
most productivej 5000 plus la rvae  i n  one season, The f i s h  a r e  usua l ly  
concentrated a t  t h e  extreme upper reaches i n  sometimes fresh water less 
than one fnch deep. When i n  these confines they a r e  f a i r l y  easy t o  see 
if you s top  and look f o r  t h e  shadows and r ipp le s  they cast. 
2.12 Materials 
The waterfals  used werer 
several  fins mesh aquarium n e t s  
2 100 l i t e r  tanks 
- f u l l  with water a t  20$ - 
s a l i n i t y  
2-3 20 l i t e r  buckets with handles 
2+ . fisherman 
2+ poloroid lenses  
2+ pairs wading shoes i 
1 cup vegetable o l l  
2.13 Procedure 
Once t h e  la rvae  were spotted they were gently but quickly scoopd 
UF, f o r  they were f a i r l y  rapid swimmers.  It i s  said t h a t  if t h e  f i  sh 
a r e  d i f f i c u l t  t o  see, especial ly  i f  windy, a teaspoon of vegetable 
1 
o f 1  put on t h e  surface crea tes  a s l i c k  t h a t  makes s ight ing eas i e r  . 
I f  no f i  sh w e r e  sighted we scooped f o r  l a rvae  f r m  a reas  of s h e l t e r  
( t r e e  branches, rocks, walls)  o r  t h e  upper reaches of t h e  estuary, 
Larvae a r e  caught, but much less ef f ic ien t ly .  
When scooping t h e  l a m e  care  ~ m s t  however be taken not t o  
d i s tu rb  t h e  s o f t  bottom sediments because it then becomes d i f f i c u l t  
t o  see but morp importantly t h e  sediments seem to c l ing  t o  t he  f i s h  
and cause i r r i t a t i o n  which lead t o  infection.  The scooped f i s h  a r e  
then s o f t l y  put i n t o  t h e  bucket with water of t h e  same temperature and 
sa l in i ty .  Once t h e r e  a r e  about 200 f i s h  i n  a bucket it should be put 
i n t o  a cold t ransport  tank and the  oTgen  turned on and a small amount 
2 
of  a n t i b i o t i c  added . The bes t  way t o  put t h e  larvae i n t o  t he  tank i s  
by put t ing the  bucket i n  t h e  tank and slowly displacing t h e  water. 
2.20 JWE2iILE l4ULLE.T AND ATrIA 
2.21 General 
The capture of juvenile mullet was seasonal with s t r i ped  m u l l e t  
(Muail cephalus) most readf ly  caught during the  summer months ( ~ u n e  t o  
~ e ~ t e r n b e r ) ,  The white mullet ( ~ h e l o n  enpelat)  accur i n  t he  same general 
a r eas  throughout t h e  year, but were relatively more c o m n  during win- 
ter  and spring (February t o  June) with l a r g e  juveniles 8 t o  10 centi-  
meters frequenting during l a t e  summer (July t o  September). The two 
species were r a r e l y  of t h e  same s i ze  a t  t h e  saree t i m e .  
Both mullet species were captured i n  es tuar ies  with f resh  water 
sources, so f t  bottom (high concentrations of organic n a t t e r )  , shallow 
( l e s s  than 1 meter deep) and sheltered waters (Ffgure 1 and Table l ) *  
The m u l l e t  ,juveniles captured ranged i n  length from approximately 2.5 
t o  15 centimeters t o t a l  length (TL). Juvenile str iped mullet l a r g e r  
than 15 centimeters were r a r e l y  caught i n  our nets (white mullet do 
not ge t  much l a rge r  than 15 centimeters (cm)). 
Juvenile awa seemed t o  be sparse throughout t h e  year and were taken 
mainly during t h e  winter, s ince they spwn  i n  t h e  summer. The s i z e s  
a r e  appro&nately t h e  same as  mullet and a r e  f o m d  i n  t h e  same general 
areas. 
Low t i d e  seemed helpful  i n  capturing juvenile mullet and awl since 
it seems t o  concentrate them i n t o  schools. 
2.22 Materials 
The mater ia ls  used were8 
1 l a r g e  covered t ransport  tank 
- 1000 l i t e r  capacity 
- 2/3 f u l l  of brackish water 
several  20 l i t e r  covered containers 
1 tank corapressed a i r  and f i n e  
a i r s tone  o r  a ba t t e ry  ae ra to r  
1 hand d i p  net  
- 1.5 mm (1/16*) mesh 
1 small mesh push seine 
1 f i n e  mesh aquarium net 
1 25 meter by 1.5 meter bag 
seine of 1 cm s t r e t ch  mesh 
1 pir of polaroid l ens  per fisherman 
1 p a i r  wading shoes per fisherman 
2 o r  3 f 3. sherma n 
2.23 Procedure 
A s  mentioned e a r l i e r  a n  area of f resh  water flow seemed t o  support 
t h e  juvenile awa and mullet. A& were not easlly seen i n  the  water 
bu t  t h e  mullet were usually seen swimming i n  schools. The bag seine 
was used most of ten especfidlly i n  l a r g e  areas. The net was walked out  

Table 1 
OAiiU FISH YAP - JUVE2iILES - 1976 
Location Month Ff shed Fish Caught 
1. Wailua River July - August many species of juvenile f i s h  
i n  large numbers 
20 Haula, Panalu, 
Kahana streams 
3. Waikane stream 
July - August varying anount s of juvenile 
striped mullet 
said t o  have awa larvae a t  
mouth during l o w  t i d e  
4, Kahaluu stream same as #3 
August s m a l l  amounts of var ied 
sized s t r iped m u l l e t  
6. Hawaii Kai a l l  year juvenile mullet of a l l  species 
a. near JADS a l l  year 
b. Wainiha s t r e e t  a l l  year 
7. Ainahaina a l l  year 
a t  board of water 
sapply pumping s t a t ion  
8. Ala wai canal 
souZ.ce 
August 
9. Kaplama drainage August 
Dillingham Avenue 
10 Keehi lagoon August 
stream on lagoon drive 
11, Aiea stream mouth August 
12. Waimalu stream August 
13. Westlock streams August 
white mullet and str iped,  small 
amount of awa, misc. 
abundant with mosquito f i s h  
and t a lap ia ,  white mullet and 
s t r iped  mullet, juvenile am, 
l a rge  amounts of a m  larvae, misc. 
plenty of a l l  species of 
mullet ,  misc. 
abundant t i l a  pta 
j e l l y  fish ( ~ u r e l i a  l ab ia t a )  
some t i l a p i a  
plenty t i l a p i a  
s t r iped  m u l l e t  
l a rge  schools of t i l a p i a  
plenty of s t r iped mullet, m i s c .  
plenty of a l l  kf nds molfies 
Awa awa ( E l o ~ s  hamtianus) 
white and striped mullet 
t i l a p i a  and some str iped 
mullet 
4 .  Pa i l5  August - October various juveniles (mullet, 
Lualualei r i v e r  a=, rnisc.) 
t o  a full extension. The area was surrounded a s  quickly as possible 
then  slowly pulled i n ,  forcing t h e  f i s h  i n t o  the bag. The weights 
were kept on t h e  fns ids  and t h e  f l o a t s  on t h e  outside t o  keep the 
f i s h  from swiming under t h e  net. 
Figure 2 Seine N e t  Technique 
A s  t h e  net  was p t i l l d  i n  t h e  f i s h  began thrashirg.  When t h i s  occured 
we worked quiclxly t o  concentrate them. The f i s h  were scooped out of  
, 
t h e  bag, placed i n t o  buckets and covered. This was done as f a s t  as 
possible  t o  reduce t h e  stress. If the catch was small t h e  f i s h  w e r e  
sor ted before putt ing i n t o  t h e  bucket. Once the  buckets w e r e  full 
(100 plus juveniles) they w e r e  emptied i n  t h e  transpart tank and 
t h e  oxygen was turned on. This also had t o  be done quickly f o r  t h e  
f i s h  a r e  under great amounts of s t r e s s  while i n  t h e  net  and bucket, 
The d i p  ne ts  and t h e  push seine w e r e  used when wading through 
t h e  es tuar ies  seeking small groups of juvenile o r  smaller f i sh .  
2.30 ADULT STRIPED NULLEX AhD AMA 
2.31 General 
The capture of adu l t  s t r iped  mullet (Mu~il cephalns) (Figure 3 )  
was made throughout t h e  year, b& was highlighted i n  t h e  f a l l  j u s t  
prfor t o  t h e i r  breeding season. 
Figure 3 P N l e t  
- 8 -  
Most of t h e  f ishing was done i n  Pear l  Harbor's mf ddle loch,  Ten t o  
f i f t e e n  l i v e  mullet could be expected i n  a day of f ishing and they  
ranged i n  length from 28 t o  40 c m  (TL). 
Fishing f o r  adu l t  awa (Chanos chanos (~igure 4)) w a s  also pri- 
marily bn Pearl  Harbor's middle loch a d  just before t h e i r  spawning 
season which is  i n  t h e  $mrmer. 
F i g i r e  4 Awa 
Sexually mature awa a r e  a t  l e a s t  3 years old and weigh 5 t o  20 kilograms. 
They a r e  70 to,100 cm i n  t o t a l  length. W e  caught one adu l t  f o r  eveW 
2 t o  3 days of fishing. 
2.32 Materials 
The mater ia ls  used were: 
2.33 Procedure 
Boston whaler 
200 meter by 6 meter monofiloment 
net  (6 kg s t rength with 7.5 cm 
stretched mesh) 
f j  kg we3.ght.s 
(one f o r  each end of t h e  ne t )  
l a rge  floats 
l a r g e  heavy duty dip net  - s t e e l  
rod frame 
oxygen b o t t l e s  (2000 + psi) 
small ba t te ry  powered water pump 
flow through t ransport  tank with 
cover 
scapel wfth spre blades 
1000 l f t e r  transport t a ~ k  with 
cover - 2 / 3  full of brackish 
water 
crr~shed ice 
fisherman 
When f i sh ing  i n  Pear l  Harbor, w e  f ished without seeing any f i s h  
because of t h e  depth and tu rb id i ty  of t h e  water. The ne t s  were lowered 
a t  previously successful a reas  such a s  sewage ou t f a l l s ,  channels o r  
ledge drop-offs, from mud banks on an  incoming t ide .  The net was 
layed i n  t he  bow on a platform. The weights were placed on one side 
while t h e  f l o a t s  were placed a t  t h e  o ther  side of t h e  bow, with t h e  
middle of t h e  net bunched i n  the  center.  
When se t t i ng  t h e  net  t h e  dr iver  puts t h e  boat i n  reverse  and formed 
an elongated C - shape, while another fisherman helped t h e  ne t  out &f 
needed. Once t h e  net  was s e t  we chased t h e  f i s h  i n t o  t h e  ne t  by pound- 
ing  t h e  s ides  and rocking t h e  boat i n  a zig-zag pa t te rn  toward t h e  net. 
This  took a few minutes and then t h e  net  was promptly pulled in.  
The proced,nra used here was driving up t o  one end. The motor was 
then  put i n t o  neutral  o r  a slow reverse depending on d r i f t i n g  speed. 
One person would pu l l  t h e  weights up on t h e  in s ide  of t h e  enclosure t o  
one end of t h e  bow, another would pu l l  t h e  f l o a t s  i n  a t  t h e  o the r  s i d e  
of t h e  bow l a v i n g  one t o  take care  of t h e  middle of t h e  =&.(see Ffgtrre 
5 )  
f ,--, 
--o ' /  74 
Pigure  5 G i l l  l e t  Technique 
Pul l ing i n  t h e  net  was done rapidly,  qu i e t ly  and methodically, otherwise 
- 
the  f i s h  would panic and e i t h e r  escape o r  be fu r the r  injured. If a 
mullet was re t r ieved it was usually b i l l e d  and t h e  ne t  was cut  with 
t h e  scapel t o  avoid excessive damage t o  t h e  f i s h *  brge awa on t h e  
o the r  hand w e r e  usual ly  swimming f r e e  o r  l i g h t l y  hung up. The a m  
was l i f t e d  out with t h e  d i p  net  qu ie t ly  so as not t o  panic t h e  confused 
fish fo r  it could e a s i l y  break through t h e  netting. 
Once these  fish are  removed from t h e  net  they w e r e  put  i n t e  the . 
flow through tank and the  oxygen turr?ed on, i f  the boat was not 
moving and water not flowing. 
Outf low 
" P  .. 
I 
Figure 6 Flow Throuqh Tank 
The ba t t e ry  powered water pump was used a t  times t o  f lush  t h e  water 
when t h e  boat i s  s ta t ionary  (mullet and awa shed l o t s  of mucus which 
f o u l s  t h e  water). The tank was checked per iodical ly  with t h e  dead 
fish removed and t o  see i f  t h e  tank i s  over crowded. A f u l l  tank 
was t ransferred t o  t h e  t ransport  tank i n  t h e  t ruck as soon as possible 
o r  t h e  severe  rowd ding would cause more mortali t ies.  
Before put t ing t h e  f i s h  i n  t h e  t ruck tank, t h e  crushed ice was 
added t o  cool t h e  hot tank t h a t  was i n  t h e  sun most of t h e  day. 
ThPs was found t o  he lp  calm down t h e  f i sh .  The f i s h  were scooped from 
t h e  boat tank ,  hustled t o  t h e  t ruck tank, and t h e  oxygen turned on. 
The cover was then quickly secured t o  prevent jnmping. Darkness was 
found t o  reduce much of t h e  f i s h  a c t i v i t y  a s  w e l l .  
2.40 SEINING IN PONDS 
2.41 General 
Many Hawalian f i s h  ponds were stocked with mullet and am. These 
f i s h  were found t o  serve a s  an  excellent brood stock, but they had t o  
be removed only when fully mature o r  they did  not continue t o  develop 
3 during t h a t  breeding season . I n  addit ion,  co l lec t ion  of these  f i s h  
usual ly  meant seining t h e  entire pond. 
2.42 Materials 
The mater ia ls  used were: 
3 people 
large heavy-duty seine (long 
enough and deep enough f o r  t h e  
pond) 
l a rge ,  heavy-duty d ip  ne t s  
50 l i t e r  buckets wlth covers 
oxygen b o t t l e  with a i r s tone  or  
a ba t te ry  a r ea to r  
l a rge  t ransport  tank 
- 1000 liters 
2.43 Procedure 
A landing s i t e  was selected where t h e  truck with a t ransport  
tank could be c loses t  t o  t h e  pond. Next, a s t a r t i ng  pa in t  was 
selected.  Generally t h i s  involved t h e  select ion of t h e  shortes t ,  
least . d i f f i c u l t  route  t o  drag t h e  nets. W e  sometimes decided t o  
sect ion off a,pond o r  t o  scare  f i s h  out  of one area and quickly pul l  
t h e  net by rope across. Once t h e  seine was stretched across  t h e  pond 
t h e  slow methodical dragging began. The heavier t h e  weight t h e  l e s s  
carefu l  one had t o  be when dragging t h e  seine. A t h i r d  person would 
swim along t h e  seine k,eeping f i s h  away and unsragging when necessaq.  
A t  t h e  landing site t h e  ends were pulled i n  with t h e  weights on 
t h e  inside3 t h i s  forms a pocket t h a t  helps contain t h e  f i sh .  I f  t h e  
f i s h  s t a r t ed  jumping t h e  t h i r d  person would l i f t  t he  ne t  top, leaving 
t h e  weights on t h e  bottom, t o  s top f i s h  from jumping over. 
Once t h e  f i s h  were concentrated enough t o  ease co l l ec t i rg  t h e  
fisherman would s top  pul l ing i n  t h e  ne t  and immediately remove t h e  
f i sh .  The more s t ressed f i s h  were removed first. They w e r e  held 
temporarily i n  t h e  50 l i t e r  buckets and t ransferred t o  t h e  l a r g e  tank 
as soon as pract ical .  
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Mature awa were found t o  swim up t o  t h e  gate  of t h e  ponds when 
4 i n  season . They entered when the  t i d e  was a t  i t s  highest  peak of 
t h a t  month. These fish were eas i ly  caught f o r  w e  j u s t  waited f o r  them 
t o  swim up; then w e  dropped t h e  door behind them and with a heavy-duty 
d i p  net  gently l i f t e d  then out. 
2.50 COUECTIKG DISClJSSION AND RECOFBENDATIONS 
2.51 Seine Nets 
The seine net t ing used was found t o  be t h e  bes t  if made of a sof t ,  
heavy-duty, braided nylon with no knots, unless it was used a s  a g i l l  
net. The heavy-duty aspect  helps prolong net  l i f e  espec ia l ly  i f  used 
on rocks o r  with l a r g e  f i sh .  The so f t ,  braided knot less  +on was 
found t o  do t h e  l e a s t  amount of damage t o  t h e  f ish.  This net t ing  i f  
used a s  a sei& should be heavily weighted preferably with heavy lead 
core l i n e s  which allow uniform weight throughout. The heavier t h e  
weights t h e  less t h e  chance of f i s h  escaping by s l id ing  under t h e  net. 
The sewing of t h i s  weighted l i n e  t o  t h e  net t ing was found t o  be b e s t  
i f  sewed c lose  together which reduced t h e  poss ib i l i t y  o f  gaps i n  t h e  
net. I n  addi t ion gaps a l s o  cause t h e  ne t  t o  tangle  easi ly .  If used 
as a bag net  it was found t h a t  t he  bfgger and deeper t h e  bag t h e  
be t t e r ,  but a bag tends t o  get  holes i n  it quickly. 
2.52 Dip Nets 
The heavy duty net t ing can be used a s  m t e r f a l  f o r  h t .~vy  duty 
d i p  nets,  The frames f o r  these  ne ts  had t o  be strong and steel rods 
worked best ,  This dlp net can be used f o r  any f i s h  but i s  e s sen t i a l  
f o r  adu l t  a w e  It was bes t  t o  have an opsn bottom with  a draw s t r i n g  
f o r  easy release.  The ne t  must also  be deep enough so t h a t  t h e  f i s h e s  
ta5ls do not h i t  t h e  rim of t h e  net. Awa a r e  such big and strong f i s h  
t h a t  they can eas i ly  hur t  themselves by thrashing arouml. 
2.33 G i l l  Nets 
The l a rge  momfilament g i l l  net  made of lead core l i n e  and a th i ck  
f loa t ing  l i n e  worked bes t  on the  boat. This net had no f l o a t s  o r  l eads  
t o  tangle  when being set .  The lead core  l i n e  and f loa t ing  l i n e  a l s o  
helped by being not t o  bouyant so it gives when a f i s h  h i t s ,  helping 
t o  bag t he  f i s h  and absorb t h e  shock. 
2.54 Transport Tanks 
The t ransport  tanks had t o  be covered especial ly  when carrying 
mullet o r  they would jump out of t h e  tank. It was a l s o  found t h a t  i f  
crabs,  rocks o r  sand, other  mechanical o r  biological  menances were put 
i n t o  t h e  tank, mor ta l i t i es  would increase during transport .  I n  f a c t  
any unnecessary handling of t h e  f i s h  grea t ly  reduced f i s h  performance. 
Last ly ,  it was found smaller bubbles from t h e  a i r s tone  t h e  grea te r  t h e  
absorption i n t o  t h e  water. The best  a i r s t o r e  I saw was designed by 
Wayne Baldwin of t h e  Hawaii I n s t i t u t e  of Marina Biology ( ~ 3 3 ~ ) .  This  
a i r s t o r e  i s  i n  actuality a f i n e  grid grinding stone with a hollow b o l t  
t h a t  forces a i r  through it. The bubbles leave t h e  stone looking l i k e  
smoke, not only does t he  f i n e  bubbles cause grea te r  absorption of t h e  
water by increased surface area but it a l s o  conserves t h e  oxygen con- 
sumption by reducing t h e  flow from the  tank. 
2.55 Transport of Fish by Hand 
Everytime a f i s h  was moved o r  handled by hand it was put under 
s t r e s s  and of ten injured. This o f t en  l e d  t o  complications, If  t h e  
f i s h  were maneuvered i n t o  a p l a s t i c  bag while s t i l l  i n  t h e  water, then 
l i f t e d  out and carr ied,  then i n j u r l e s  were minimal. Large awa w e r e  i n  
b e t t e r  condition when transported t h i s  way i f  a strong enougK'bag was 
foundm5 It re s t r i c t ed  t h e i r  movement but did not i n ju re  t h e i r  d e l i c a t e  
skin. 
3.00 iiANCLI1;G AF!D QUARAhTIGE OF COLLECTED OR TUliSPOKTED FISH 
After t h e  f i s h  have been captured o r  handled they were usual ly  in- 
jured and by t h e  fourth day display t h e  f u l l  realm of t h e i r  jn jur ies ,  
These i n j u r i e s  a r e  t he  r e s u l t  of physical abuse together with t n e  t r a m a  
of capture and a new envirornnerrt. These f i s h  were given special  t r e a t -  
ment and w e r e  kept separate because of t h e  poss ib i l i t y  of introducing 
pathogens and pests ,  a s  well a s  giving them a chance t o  heal. 
3.10 PROCEDURE 
The procedure we used involved put t ing the  captured f i s h  i n  a 
rap3dly flushing tank of a s a l i n i t y  between 20 and 25 parts per thousand, 
i r regard less  o r  s a l i n i t y  captured unless t he  f i s h  i s  absolutely  i n to l e rab le  
t o  t h i s  s & l S ~ A t y ~  This s a l i n i t y  i s  c lose  t o  t h a t  of body f l u i d s  and 
should be less s t r a i n  on the  wounds suffered by reducing f l u i d  loss .  
Circular  tanks were preferred f o r  constant swimers s ince it tends t o  
allow uninterrupted miming .  These tanks must be covered t o  prevent 
fish from jumping out,  par t icu la r ly  mnllet, The f i r s t  four  days a 
R bath of a nitrofurozone (Furacin ) a t  9 ppm 2 t o  3 times daily.  This 
a i d s  i n  preventing opportunistic p thogens  from invadirg wounded f i sh .  
D u r i n g  these  first four  days any i n j u r i e s  suffered during capture 
and handling w i l l  become evident. The transparent adipose t i s s u e  o r  
sk in  w i l l  begin t o  cloud and scales w i l l  f a l l  from bruised areas.  
It was nade c l ea r  that these conditioning f i s h  were not t o  be 
fed unless they appear t o  be starving t o  death. If this happens l i v e  
food i s  preferred and any uneaten food should be removed. This helps  
reduce t h e  number of bacter ia  t h a t  w i l l  be i n  t h e  water. 
Fish with more severe i n j u r i e s  o r  wounds t h a t  did not he 'h  i n  a 
week were i so la ted  and t rea ted  separately. These i so l a t i on  tanks were 
kept very clean, well aerated and had a high flow of water, Drug t r ea t -  
ment varled according t o  symptoms (see disease sectton) g houever, any 
drug treatment used could have been harmful a s  well. 
3.20 LIFTING THE QUARANTINE 
Once healed they were conditioned t o  feed s lovly by giving small 
amounts several  times a day. Any uneaten food was removed a f t e r  30 
minutes. They were fully conditioned when they a t e  regular ly  and a t  
l e a s t  min ta ined  t h e i r  welght. The l a s t  s t e p  before introducing t o  
o ther  f i s h  was a k+th f o r  1 hour i n  a formallnt malachite green mix- 
t u r e  t o  kfll paras i tes  t h a t  they may carry. This i s  not a w r a n t e e  
t o  remove all parasi tes ,  but it does s ign i f i can t ly  reduce t h e  p o s s i b i l i t y  
of t ransfer r ing  parasi tes ,  All of t h e  equipment t h a t  was handling the 
quarantined f i s h  should be disinfected'  with potassium permaganate and 
throughly flushed before using again. 
3.30 CONDITIONIEC TO HANDLIE 
I attempted t o  condition f i s h  t o  handling by feeding once d a i l y  
routine,  While feeding, I t r i e d  walking fn t h e  water slowly and waving 
my hands i n  t h e  water slowly touching t h e  f ish.  There were not 
s ign i f ican t  changes observed, but If the  f i s h  were conditioned t o  hand- 
l i n g  spawning would be much more effective. 
4.00 FEEDIFG OF THE F'ISB 
Feeding t h e  fish was t he  second most important r e s p o ~ s i b i l i t y  I 
was given next t o  fishing. This involved about an hour every day. The 
f i s h  weTe fed what they would roughly consume i n  10  minutes from one 
t o  t h ree  times da i ly  (7 t o  19 of t h e i r  body weight per day). Observa- 
t i o n s  were made a s  t o  t h e  general health of t h e  f i sh .  Diets ranged f r o m  
comerc l a l  fish feeds ( R a l s t o n - h i n a  c a t f i s h  chow) to  experimental 
dry feeds (Awa mix see appendix) t o  frozen f i s h  t o  live mosquito f i s h  
( ~ a n b u s i a  &). For t h e  most par t  a d i e t  was selected on t h e  b a s i s  of 
t h e i r  natural d i e t s ,  considering a l s o  t h e i r  digest ive a n a t o ~ y  and 
feeding behavior. For example, t h e  s t r iped  mullet has a small, sucking 
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mouth placed subterminally. A gizzard i s  present and t h e  i n t e s t i n e  is 
long and extenstve indicat ing a omnivourus o r  herbavious diet .  The 
gut-contents of wild mullets usually cons is t s  of d e t r l t a s ,  diatoms, 
small crustaceans (benthic copepods and small amphipods) and several  
types  of blue green algaes. On t h i s  evidence a d i e t  of grains  mixed 
with animal by-products, ground t o  a mash may be acceptable. Table 2 
l i s t s  t h e  f i s h  with feeds ranked according t o  a t t r a c t a b i l i t y ,  d iges tabf l i ty ,  
frequency of animal disorders  and cost .  
Variations of a d i e t  and amount t o  be fed depended on age, repro- 
ductive stage and intended use of t h e  anilmal. The feeds were e i the r  i n  
a frozen o r  dr ied form; f i sh ,  shrimp, k r i l l  and squid was frozen and 
dried feeds consisted primarily of p r e p r e d  commercial feeds, gra ins  
and animal meals. Predatory species were less a p t  t o  be conditioned on 
an a r t i f i c i a l  d i e t  and were usually fed animal flesh o r  l i v e  food. 
Fish kept indoors needed more complete d i e t s  than those 'kept outside. 
Outside tanks developed a dfatom m a t  on t h e  sldes, t h i s  was excellent 
f o r  herbivors and omnivours. This m a t  a l s o  served a s  a subs t ra te  f o r  
small crustaceans t h a t  entered from t h e  water system and were used a s  
food f o r  small carnivors. These fish w e r e  f e d  supplements t o  keep them 
from grazing too  much. I n  general f i s h  did b e t t e r  outdoors espec ia l ly  
omnivours and herbivours. Omnfvours and herbivours kept indoors were 
usual ly  given a wide range of foods i n  a hope t h a t  a va r i e ty  would 
proidde them with more of t h e i r  requirements than a s ing le  food source 
but  they s t i l l  d id  not appear a s  healthy. 
4.10 FEEDS USED 
Fish were fed what w e  thought would be best  f o r  them, This was, 
a s  mentioned kn t h e  general section, based on t h e  digest ive anatomy 
of t h e  f i s h ,  gut content' of wild f i s h ,  food ava i lab le  I n  t h e i r  na tura l  
hab i ta t  and t h e i r  observed feeding behavior. Table 2 i s  a l i s t  of t h e  
feeds w e  found bes t  sui ted f o r  t h e  species w e  worked with. 
4.20 DISCUSSION 
Dry feeds were given a t t r a c t a n t s  such a s  f i s h  meal i n  addi t ion  t o  
binders t o  increase pa l a t ab i l i t y ,  but this was met with only l imi ted  
success. The f i s h  m e a l  seemed t o  be a good appet izer  but t h e  ground 
feeds lacked t h e  t ex tu re  desired by t h e  f i sh .  Therefore I experimented 
a l i t t l e  with several  binders (prowlane glycol, ge l a t i n  and high gluten 
uheat) . I was strongly urged t o  use wheat by m y  supervisor, however I 
found t h a t  wheat was poorly digested and would form a gum with water. 
Gelat in  on the  other  hand, would bind w e l l  i f  dissolved i n  hot water, 
and i n  concentrations of about 3. t o  5 $. However, I was not a b l e  t o  
continue t o  work with ge l a t in  because of a lack of time and Tack of 
support. Pe l le t ing  was a l so  attempted, but pro-red t o  be too slow t o  
be prac t ica l .  
Table 2 Feeds Used 
1, Crustaceans 
2. Carangids (jacks) 
3. Mullids (goatfish) 
4. Mugilids (mullet) 
adu l t  
pieces of f i s h  flesh, squid, frozen 
k r i l l  
l i v e  mosquito f i s h ,  smelt, chopped 
f i sh ,  squid, r a r e l y  t r o u t  chow 
l i v e  sma&LJ mosquitg f i sh ,  krill, 
isopods , amphopods , brine shrimp 
k r i l l ,  l i v e  mosquito f i s h ,  isopds, 
amphopods, t r o u t  chow, ca t f i sh  
chow, tetraruin 
ca t f i sh  chow, nAwa mixt' ' (see a pendix), 
"lab-labu (benthic aga l  growth f 
brine shrimp, k r i l l ,  amphipods, 
isopods o r  bottom growth 
rotif ers, copepods, ap les ia  , larvaew 
br ine nauplii 
5 , Chaetodontids ( b u t t e r f l ~ s )  krill, tetramin, amphipods and iso- 
pods, t r o u t  chow, br ine  shrimp 
6. Kuhliaids (ahalehole) t r o u t  chow, k r i l l ,  c a t f i s h  chaw, 
mosquito f i s h ,  chopped f i s h  
7. Chamds (awa) 
juveniles 
8. Acanthurids (surgeons) 
ca t f l sh  chow, "awa mixn, benthic 
growth 
r o t i f  ers ,  ground tetrarnin, poul t ry  
s t a r t e r  
chopped spinach, ocean rocks, amphi- 
pods, krill, ca t f i sh  chow, isopods 
9. Octopus l i v e  crabs, small f i s h  (wounded) 
juveniles small CMSS, brine shrimp 
10. Cowries ocean rocks, diatoms of tank side 
11, Tilapia ca t f i sh  chow, awa mix, t r o u t  chow, 
k r i l l  
* feeds a r e  ra ted  i n  order of appearacce based on roughly pa la tab i l i ty ,  
f i s h  survival,  cost  and fouling r a t e  
Several specif ic  ingredients and one d i e t ,  awa m i x  (see appendix), 
were l i g h t l y  experimented with. The a m  mix was developed because 
there  was nothing commercially avai lable  for  awa and mullet. This  
was necessary f o r  these f i s h  had t o  be kept i n  good condition i f  
they were expected t o  sexually mature. This feed worked w&ll as a 
supplement t o  outdoor tanks. However, it clouded t h e  water badly and 
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w a s  observed t o  foul  the gills of f i s h ,  and therefore, needed t o  be 
bound t o  p r ~ # e n t  clouding. I f  used a s  the  so le  food sonrce, as i n  
indoor tanks, t h e  f i s h  would develop a f a t t y  liver and a thick ab- 
dominal adipose layer of hard, f laky f a t  and not develop gonads. Awa 
fry kept indoors would have hemorrhaging eyes and operculuns tkqt 
f la red  outword if feed just a m  mix. 
Groud.cocon~t  w a s  attempted a s  a feed additive.  A @riding 
process on first coarse chopping, then freezing and grinding a t  2 m 
while s t i l l  frozen worked bes t .  Coconut was used i n  a n  attempt t o  
increase t h e  amount of f a t s  i n  the  f i s h  diet .  There was no observed 
difference i n  acceptabi l i ty  when 5 t o  1C$ was added t o  a feed source. 
Unfortunately, coconut was not par t  of a d i e t  long enouqh t o  be 
properly judged as a food source. This was  the same s i tua t ion  en- 
countered when other  feeds were experimented with, Some of t h e  other  
experimental feeds were sea l e t t u c e  (Ulva lactoca) and blue-green 
a lgae  ( S ~ i r a l i n a  
'fl'ialnutrition was an important problem encountered with the  captive 
f i s h  especially t h e  pembers of the  surgeon family. These f i s h  would 
not respond when given disease'treatments o r  improve if given a 
change i n  d i e t .  However, it was found t h a t  i f  given a l g a l  &cks i n  
addition t o  a variety of diets f i s h  general ly  improved. 
Any feed source that  was not live had t o  be removed a f t e r  30 
minutes, s ince  it would spoil and unnecessarily stress the fish. For 
t h i s  reason, f i s h  would not be able to eat except when fed and this 
does not a l low for optimum groywth. It was important t o  feed fish 
every day a t  regular intervals .  
However, the  biggest problem I f e l t  i n  feeding of fish i s  t h e  
fact  that only a few t o  none of t h e  nutrit ioml requirements of 
aquatic species are known. How can one really know what t o  f e e d  t h e  
f i s h  if one does not know its requirements? 
5.00 DISEASE IDEKTIFICATION ANG TREATBENT 
There were bas ica l ly  two types of diseases  t h a t  occurad while a t  
Oceanic I n s t i t u t e .  The f i r s t  was mentioned i n  the  quarantine and 
conditioning section. This type of disease originated through mechani- 
c a l  injury and t h e  other  s t r e s se s  of capture and handling. A s  mentioned 
previously these  i n j u r i e s  do not appear u n t i l  a couple of  days a f t e r  
handling. The second disease type occurs a f t e r  t h e  f i s h  have been 
conditioned t o  t h e  capt ive environment. 
If t h e  tank environment was kept c lean and well aerated t h e  chance 
of disease was reduced. The pa ra s i t i c  copepod was t h e  only problem of 
healthy f i s h  t h a t  I found. Infected f i s h  would swim irradically o r  
sometimes sit on t h e  bottom near slack water. Lice-like copepods 
could be seen on t h e  surfaces of t he  f i s h ,  especial ly  along t h e  f i n s  
and under t h e  jaw, It was usnal ly  t r ea t ed  with a formalin bath (I ml t 
gallon) f o r  one hour. 
As f a r  a s  other  diseases  were concerned I knew l i t t l e .  Fish t h a t  
were conditioned were fed what was assumed t o  be benef ic ia l .  Sometimes 
a l l  t h e  f i s h  i n  a tank would d i e  overnight; o r  j u s t  a few i n  a spec i f ic  
tank periodically;  o r  a t  times a few would behave abnormally and be 
okay l a t e r  and some would even have no problems at a l l .  
5.10 IDENTIFICATION 
Fish were checked f o r  disease usual ly  when betng fed. Some of 
t h e  abnormalities looked f o r  a t  t h i s  time ware dark colored f i s h  and 
l o s s  of appet i te .  Flashing could ind ica te  ectopara sites. Any mor- 
t a l i t i e s  found could mean something was wrong. Popeye was a common 
disorder ,  but could mean almost anything. Swimming pecu l i a r i t i e s ,  
swollen b e l l i e s  and an overal l  wasting away were a l l  symptoms t h a t  
were looked f o r  while feeding the  f i sh .  I casually noted t h e  f i s h  
behavior before, during and a f t e r  feeding. Table 3 i s  a l i s t  of 
6 pathogens and symptoms . 
Fish t h a t  displayed any symptoms were captured and observed c lose ly  
a t  t h e  f i  ns, skin and i f  possible i n  t h e  g i l l s  f o r  pecul ia r i t t es .  If 
t h e  f i s h  i s  weak it can be sacr i f iced  and autopsied. The following 
procedure was recommended by Dr .  Gratzek a t  Waikikf f i s h  pathology 
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work shop . F i r s t  prepare wet mounts using water t h e  f i s h  was i n t o  
prevent osmotic stress. Mounts were mads of t h e  skin, f i n s ,  g i l l  fila- 
ments, l i v e r ,  gut and kidney. A f t e r  every s l i d e  was observed under 
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a microscope one would sometimes note a pathogen of some sor t .  If 
not one can continue checking elsewhere, and hope t o  f i n d  something. 
Without p rac t ice  and good t r a in ing  I could not o f ten  determine t h e  
cause of disease. 
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A l i s t  of treatments f o r  diseases  i s  on Table 4 . I have not 
used a l l  of these  treatments. ~ u r n c i n ~ .  a nitrofurozone was used f o r  
bac t e r i a l  problems and first a i d  f o r  mechanical in jur ies .  Formalin 
was used on ectoparasites,  protozoans and a s  a general dis infectant .  
Fresh water was used ch ie f ly  as an anti-crustacean measure; it took a t  
l e a s t  one day t o  convert e n t i r e l y  t o  f resh  water. Y ~ l a c h i t e  green 
was used a s  a d i p  o r   flush^ alone o r  a t  times together  with formalin 
f o r  tough protozoans l i k e  cryptocarion, f o r  fungi o r  f o r  a general 
d i s infec tan t .  Copper su l f a t e  and potassium pernaganate w e r e  ~ s e d  very 
l i t t l e .  The copper was used more a s  a preventive measure and potassium 
p e m ~ g a n a t e  was used t o  s t e r i l i z e  empty tanks. 
Table 3 Principal  Infect ious  Diseases of Tropical Fish 
and Their k i n  Symptoms* 
Pathogens 
(disease-causing orzanisms~ 
Viruses 
Bacteria 
Eubacteriales (gmm-negative) 
Aeromonas (fw, m) 
lascites) 
Vibrio (sw) 
-
~ct inbrnycetales  (acid f a s t )  
M cobactez5m (fw, sw) 
--do si s 1 
Myxobacteriales (gram-negati ve) 
Cytophaga ( fw,  sw) = 
Chondrococcus 
(columnaris disease) 
Fungi 
Ichthvosporidium ( f w ,  m) 
Ichth~ouhonus (fw, sw) 
Visible  Symptoms 
large compound white knots on 
skin and fins, espec ia l ly  on 
pectoral  a x i l  
swollen body, ulcers.  (open 
wounds), white o r  r ed  patchy 
discolorat ion,  f i n  r o t ,  red 
discolorat ion of t h e  anus, 
eyes sunken 
ulcers ,  f i n  r o t  
red patchy discolorat ion,  f i n  
r o t ,  u lcers ,  eye discolorat ion,  
body degeneration, s ca l e  l o s s  
white spots quickly developing 
i n t o  round u lcers ,  inflamed 
jaws and palate ,  u l ce r s  to 
bone, fin r o t  
pal lor ,  m i lky  o r  red spots  on 
skin, u lcers ,  popeye, f i n  de- 
generation, l o s s  of weight, 
jerky movements 
grey o r  white spots, shallow 
u lcers ,  f i n s  frayed, g i l l  f i l a -  
ments swollen o r  fused 
l o s s  of equilibr$um, u l ce r s  
mouth p a r t l y  open, l o s s  of 
f i n s ,  black d isco lora t ion  
deposi ts  on skin t h a t  look 
l i k e  cot ton wool 
Protozoa 
Fla g e l l a b  
Costfa (fk) pallor on skin and g i l l s ,  
<i skin disease) sk in  shedding, weight l o s s ,  
i n t e rna l  f l a g e l l a t e s  (fw) l i s t l e s s n e s s  
numerous t i n y  spots on f i n s ,  
body and gills 
coccidians, mymsporidians abdominal swelling, reddenfng 
(fw, sw) ( in t e rna l  - usual ly  of ana l  pore 
found i n  wild f i s h )  
microsporidians 
(usually found i n  wild f i s h )  
P l f s t o ~ h o r a  (fw, sw) 
(neon f i s h  disease) 
haplosporfdians ( fw) 
I c h t h m ~ h t h i r f u s  (fk) 
(lch o r  whits spot 
df sea se) 
Metazoa (commonly ca l led  "worms") 
monogenetic trematodes ( fw , sw) 
(flukes) 
leeches (fw, sw) 
copepods (fw, sw) 
(anchor worms) 
round pea-sized white c y s t s  
swelling, pra ly  s i  s, f i n  
degeneration 
cyl indr ical ,  large, white cysts 
white granules on skin and f i n s ;  
t a i l  r o t ;  s t i f f n e s s  of pectoral  
f i n e s  
as above for  marine fishes 
( I ch thyo~h th i r iu s )  
o f ten  a bluish white membrane 
on sk ins  and gills (Flukes l i v e  
i n  gut,  blood, eyes, liver) 
red worms protrude from anus 
b e l l y  becomes swollen 
v i s i b l e  on body 
e i t h e r  paras i tes  are v i s i b l e  
o r  t he re  a re  round, red o r  white, 
walled defec ts  o r  swelling on 
skin, f i n s  and gills 
Isopods ( f w ,  sw) 
(tongue worms) 
visible i n  mouth and g3.11~ 
*C?stve, EH and Lobel, PSI h r i n e  and Freshwater Aquarium Systems 
for  Tropf ca l  Anhals, Sea Grant Advisory Report UNlH1-59-AR-74-01, 
April, 1974. 
** fw = freshwater organism sw = saltwater organism 
Biological controls  were not considered except f o r  maybe t h e  use 
of small aholehole (Kulia sandvfcences) t o  control  t h e  inver tebra te  
population i n  ponds which had pa ra s i t i c  copepods. 
There were some problems t h a t  appeared prone t o  ce r t a in  fish 
groups; f o r  example, the acanthurids developed a gasious popeye which 
l a tar  f i l l e d  with blood. Symptoms continue u n t i l  the f i s h  died and 
no treatment given appeared t o  cure it. Members of  t h e  Na so genus 
seemed susceptible t o  a b l i s t e r ing  of t h e  skin i n  addi t ion  t o  popeye* 
DISCUSSION 
It appears t h e  diseases were t h e  result usually of a fish t h a t  
8 
was not r e a l l y  adapted t o  our confinement t o  b e e n  with, They became 
weak and susceptible t o  disease. It i s  therefore  c r u c i a l  t o  f i n d  a 
favorable environment f o r  t h e  f ish.  Once a disease was contracted; 
however, it was attempted t o  be diagnosed and t r ea t ed  not o f ten  
with much successr 
It had been learned t h a t  prevention was t h e  best means t o  control  
disease. For this reason new f i s h  w e r e  quarantined and t h e  muck i n  
ponds cleaned out, s ince they provide many types of protozoans. 
Periodic treatments with an an t i s ep t i c  were practices t o  keep d iseases  
under control. 
Table 4 Treatments for Fish Diseases ** 
Disease Categories 
and Medications Dosages and Comments 
Bacterial Diseases 
Gram-negative bacteria 
Aureomycin* Bath; 50mg/gal water for  6 days 
(Chlorot etracycline) 
Food: 2 - 5 xng/100 g fish f o r  
14 days 
Bath: 250mg/gal water f o r  6 days. 
Food: 10mg/lOO g f i sh  for 21 days 
Fnranase (1C@ activity) Bath; 4mg/gal water each day for  
4 days, then 2mg/gal f o r  
2 days 
0 
Mefural Bath: 6mg/gal water f o r  6 days 
(Benzalkorbum chloride) 
Polycillin* Bath: 2501ng/~al water f o r  6 days 
(Ampicillin tribydra te) 
Terramycin* 
(~xytetra eycline) 
Foodr 5 - 10 mg/100 g fish f o r  
U. days 
Vitamin B 1  Foods large amounts f o r  7 days 
Acid-fast and gram-positive 
bacteria 
Garamycin These might work, but we know 
Icansrnycin of no t e s t s  on fishes. 
Isonicotinic acid hydrozide 
Fungal Diseases 
Acrifladne+ Bath, 40mg/gal water u n t i l  1z.r- 
(for eggs and larvae only) 9ae are about 2 weeks old 
Arnphotericin B*" Bathi 1 p n r t / l O  mi l l io i  parts 
water f o r  7 days 
Griseonilvin Bath 1 30mg/gal water f o r  1 to 
2 days 4 
Pialachite green chloride+ Bath; Use 15 stock solution - 
(zinc f ree)  add 1 drop/gal water for 3 
days t h e  1 drop/2 ga l  f o r  
4 days (Salt water* 3m1/100 gal) 
Potassium p e m n g a m t e C  Ekthi Use 3'7$ solut ion - 38 dl 
gal water f o r  30 minutes 
S a l t  Batht Add 5 doses, each 1 l e v e l  
teaspoonful/gal ua t e r  a t  
i n t e r v a l s  of a f e w  hours 
Sulfathiozole sodium+ Bath: 1 l e v e l  t e a s p ~ n / ~ a l  water 
f o r  14  - 20 days 
Formalin Bathr 3715 solut ion - 1 &/gal 
(Formaldehyde 37%) water f o r  1 hour; repeat 
3 t i m e s  a t  i n t e r v a l s  of  
3 - 4 days 
Malachite green chlor ide (see Fungal diseases) 
liia so t  en 
(Trichlorf on) 
Bath; 1.2 rnglgal water f o r  3 - 
4 days 
Crush t he  pa ra s i t e  oz-:pull it 
out and apply medicine t o  wound 
d i r e c t l y  
Potassium pennanganate (see  Fungal diseases)  
Protozoan Diseases 
Oodinlum and other  f l a g e l l a t e s  
Copper snlphate 
Skin parasites 
Formalin 
Ich and other c i l l i a t e s  
Methylene blue B 
Batht Use stock solut ion 2.23 g 
hydrated copper sulphate and 
1.5 g c l t r i c  ac td  i n  1 Uter  
water - add 1 ml/gal water 
f o r  2 weeks 
(see  k t o p a r a  s i t e s )  
Bathr Use 5% stock solution; add 
15 &ops/gal of s a l t  mter 
for 5 days o r  15 d r ~ ~ s / ~ a l  
of fresh water f o r  2 weeks 
Pota s sium pemanganate (see Furgal diseases)  
.." 
C i l l i a t e s  and Sporozoa 
SulpharAlamide Bath; 380 mg/gal water for 7 days 
General 
Fla gyl 
(~e t ronidazol )  
Nalachite green ahloride 
Quinine hydrochloride 
o r  sulphate 
S a l t  
I n t e s t i n a l  Worms" (metazoans) 
M-n-butyl stannous o d d e  
Hydragen peroxide 
Yr;i sqt  en 
(Trichlorf on) 
Methylene blue B 
Quinine hydrochloride 
Miscellaneous Diseases 
Constipation 
Glycerine 
Qe problems 
Neopronto s i l  
Eathr 12 mg/gal water for 3 - 4 
days 
(see Fungal diseases) 
Bath: Add 3 doses, each 38 mg/gal 
water a t  1 2  hour in terva ls t  
leave for 20 days 
(see Fungal diseases) 
Food; 1.5 mg/.10 g f i s h  for 
3 days 
Bath : 354% solut ion - 0.3 mgfgal 
water for 5 horns 
Baths 1 2  mg/gal f o r  4 days 
(see Protozoan diseases) 
(see Protozoan diseaxes) 
Food: a srnall quantity nixed 
uith dry food u n t i l  
condition clears 
Coat eye and place f i s h  in 
t h e  dark 
* W i l l  often cause side effects ,  and remains active f o r  one year 
+Probably f igh t s  bac ter ia l  infect ions and helps t h e  f i s h  shed t h e  fungi 
"Currently being tes ted  
**Chave, E;EI and Lobel, PSI Pl'arfne and Freshwater Aquarium Systems f o r  
Tropical Animals , Sea Grant Advisory Report Urn-59-AR-?4-0!. , April, 
1974 
6.00 INDUCmmT OF SPA;JNIbG ASD M V A L  REi\XIKG 
A s  mentioned i n  the  introduction spawning i s  the  primary concern 
of Oceanic Ins t i tu t e ,  The controlled reproduction of an aq~xaculture 
species i s  important i f  it i s  t o  be successfulb For if you a r e  not 
ab le  t o  spun a fish o r  select ively breed it you have nothing. 
Currently fish ponds a r e  stocked with dtld stock. These fish w i l l  riot 
spawn natural ly  i n  the ponds. I n  fact  females will fall short of 
complete sexual ~ a t u r a t i o n ,  but males will develop t o  f u l l  maturity. 
I n  1971 Oceanic I n s t i t u t e  i n i t i a t e d  a program f o r  spawning of 
mullet i n  capt iv i ty  and i n  1975 achieved world wide recognition f o r  
i ts  success i n  a r t i f i c i a l l y  inducing mullet t o  spawn. This same 
technique i s  being modified for a t t enp t s  a t  spwning awa and r'eef 
f i s h .  Ety work was a l l  centered aronnd t h e  spawning of these f i sh .  
6.10 PROCEDURE FOR MTUn 
The brood stock and fish from ponds were collected a t  the i r  
suspected peak gonad developnent. For mullet it was between November 
and March, depending on t h e  water tenperatme and food avai lab i l i ty .  
F ie ld  gonadal checks were given t o  these f i s h  by holding the f i s h ,  
in a box, upside down i n  t h e  water and inser t ing a small bore ply- 
ethylene tube l n t o  t h e  gen i t a l  pore. The stage and level of gonadal 
developnent was determined by t h e  mean diameter of the  eggs. Mullet 
eggs about 0.6 m i n  diametes are considered t o  be a t  t h e  peak, t h i s  
however, was not f u l l  maturity. 
When a fenale was selected she was put into a clear1 tank (200 l i t e r s )  
of fast flowing sea water along with three fipe males, they matured 
naturally and t h ree  assured maximum fe r t i l i za t ion .  The female was 
given an intramuscular in jec t ion  of a gomdotropin (12 - 21 mg/gm 
body welght of salmon gomdotropin o r  60 IU of human gonadotropin), 
p i t u i t a r y  hormones. This f i r s t  i n j ec t ion  st imulates fu r the r  develop- 
ment of t h e  egg t o  a size of about 8.2 me This usual ly  takes  24 - 
48 hours. Then a second in jec t ion  was given t o  pronote hydration 
and ovulation of t h e  eggs. I n  12  hours t h e  female should spawn. 
Hydration of t h e  egges was noted by t ransparent  egg samples; whereas, 
it was opaque before. It was a l s o  noted by a not icable  swelling of 
t h e  females abdomen. Calcium was a l s o  prec ip i ta ted  from t h e  oviduct. 
Once t h e  gen i t a l  pore begins t o  s w e l l  and t h e  males begin t o  swarm 
3 t h e  female; you know t h a t  spwning is soon t o  occur 
Once she re leases  t h e  eggs t h e  males irmnediately f e r t i l i z e .  The 
I 
water was turned of f  and t h e  drain plugged t o  avoid l o s s  of  eggs. After 
f e r t i l i z a t i o n  t h e  f i s h  were removed and t h e  eggs allowed t o  stay i n  
t h e  well aerated tank f o r  about 1 howl. t o  assure  time t o  f e r t i l i z e  
and water harden. 
The water and eggs w e r e  transported t o  incubating tanks at a 
densi ty  no greater than 400 eggs per  l i t e r .  The eggs were aerated 
just enough t o  assure uniform mixing and oxygen, but not enough t o  
damage t h e  eggs, The salt water i n  t h e  tank was kept a t  a temperature 
of about 24 degrees C f o r  about 40 hours before hatching (colder water 
would take  longer and v i ce  versa). A small dose of  streptonrgcin was 
added t o  r e t a rd  bac t e r t a l  growth. 
Af te r  t h e  eggs hatch t h e  air was turned of f  f o r  about 20 minutes. 
This  was j u s t  long enough t o  separate t h e  denser dead eggs and t h e  
l i g h t e r  egg cases. The f loa t ing  debris was then asp i ra ted  off .  Larvae 
were bucketed o r  siphoned ilnto the  rearing tank. The larvaeLwere 
barely over 1 mm and w e r e  d i s t r ibu ted  throughout t h e  water column. 
It was found t h a t  a stocking density should be no greater  than I0 larvae 
10 per  l i t e r  i n  the  rearing tank , 
I n  four days t h e  larvae depleted t h e i r  yolk sac and food must be 
readi ly  available,  For t h i s  reason t h e  rearing tank was stocked with 
a cul ture  of r o t i f e r s  a t  a density of about 5 - 10 r o t i f e r s  per ml and 
4 6 i n  chlorel la  10 - 10 per nil. After  10 days t h e  f r a g i l e  la rvae  begin 
feeding on copepods and i n  18 days on newly hatched br ine  shrimp. By 
day 40 t h e  fish were silvered and were already feeding on t h e  sides and 
bottom l i k e  adul ts ,  The s a l i n i t y  was lowered slowly from ocean 32 t o  
24 par t s  per thousand. They a r e  however, too de l ica te  t o  handle u n t i l  
a f t e r  50 days,when they have enough scales  f o r  protection. 
6.20 TECHNIQUES FOR OTHER SPECIES 
The spawning program f o r  awa i s  t h e  same except f o r  the - t ime  of 
season. However, there  was not a successful spawning t o  date. The 
f i s h  was a l s o  much more susceptible t o  problems due t o  i t s  l a r g e  
s ize ,  resis tance when handled, and great amount of s o f t  adipose t i s s u e  
covering the  eye. 
It was found t h a t  i f  t h e  f i s h  was anesthetized o r  r e s t r i c t e d  
mechanically with so f t  material ,  then l e s s  i n j u r i e s  would r e su l t .  
The two types of anesthet ics  used were quintaldine s u l f a t e  and MS - 222. 
A t ransport  tank was i d e a l  f o r  sedating the  ffsh.  Care had t o  be taken 
not t o  exc i te  t h e  f i s h  too much before anesthetizing. If f i s h  were 
jus t  res t r ic ted ,  then it was best t o  leave t h e  f i s h  i n  t h e  water, but 
secured well i n  a ro l led  up net ar squeeze box lined with pdd ing .  
Spawning of reef fish was attempted i n  t h e  summer of 1977 and met 
with some success. The long nose bu t t e r f ly  fish was spawned by a 
technique of hormone in jec t ion  l i k e  t h a t  of mullet but were ntanually 
stripped of t h e i r  gametes. 
7.00 AhmAL MA1IAGmENT TOWARD HAINTAII2ILG 
A SUITABLE ENVIROhIEET 
7.11 Handling 
Handling of f i s h  should be avoided i f  possible because t h e i r  skin 
i s  so e a s i l y  injured. If it was necessary t o  handle t h e  f i s h  they  were 
not panicked, but were held securely with a sof t  mater ia l  and i n  t h e  
water if possible. Sexually mature f i s h  w e r e  especial ly  suscept ible  
t o  stress and had t o  be gently handled. 
7.12 Water 
Fish were found t o  be vuch hea l th i e r  i f  kept i n  clean,  aera ted  
water. I n  addit ion,  tanks coated with a l aye r  of a l g a l  growth had 
t h e  bes t  growth. 
7.13 Stocking Density 
Hul l te r  and awa seemed t o  p o w  bes t  when i n  schools l a r g e  enough 
t o  be too  numerous t o  count, but not so t h a t  they appeared t o  be 
crowded together. Predatory species, however, seemed t o  grow bes t  i f  
t h e  tank was loosely stocked. 
Equipnent was kept repaired so t h a t  it ms r e l i a b l e  and had no 
rough edges t h a t  might i n ju re  the  fish. Each pond was supposed t o  
have i t s  own bucket and d i p  net. They were kept near t h e  pond i n  a 
dry ,  shaded location.  After each use the  equipnent should have been 
dis infected t o  prevent spread of disease if  it was used elsewhere o r  
a f t e r  t h e  f i s h  were cured. 
A da i ly  record of t h e  f f shes  behavior a t  feeding, abnormalities, 
mor ta l i t i e s ,  weather, and anything c o ~ s i d e r e d  important was  taken for 
each pond o r  tank. I n  add i t ion ,  these  records kept  a n  inventory of 
fish i n  stock. These records were important when comparing n e r f t  of 
d i f f e r e n t  cu l tu r ing  systems. 
8 .OO COl~CLbSIOki 
Wild mullet and awa were caught a t  a var ie ty  of sizes using 
special technfques. These f i s h  were kept s e p r a t e  from the  res ident  
f i sh  u n t i l  they were healed of injuries, corditioned t o  t h e  capt ive 
em3ronment and t rea ted  f o r  parasi tes .  
These res ident  f i s h  were used ~ a i d y  a s  brood stock f o r  a r t i f i c i a l  
inducement of spawning by hormone injectfons.  Mullet have been 
successfully spawned and reared by t h i s  method, and methods f o r  
o ther  f i s h  were being developed. 
The f i s h  were fed what was thought t o  be the  bes t  d i e t  based on 
what they e a t  i n  t h e  wild and what they wonld accept i n  capt ivi ty .  
There were however, several  ins tances  of what appeared t o  be n u t r i t i o n a l  
deficiencies.  
There were a l s o  other  types of diseases  t h a t  occurred and.mny 
of them were not diagnosed. However, I fe l t  t h a t  t h e  over a l l  ex- 
perience a s  a f i s h  production technician was rewardfng i n  t h a t  I 
gained ins igh t  i n t o  what was involved i n  f i s h  keeping and what needs 
t o  be done t o  improve it. 
9.00 RECGPXENDATIO~S 
Xy supervisor once to ld  m e  t h a t  f i s h  production i s  both an a r t  and 
a sc ie~ce .  Some skills can be taught but many skills a r e  only acquired 
by ac tua l  experience and pract ise .  Therefore I f e e l  t h a t  ac tua l  ex- 
per ie~ce  i s  t h e  only r e a l  way t o  understand what is involved a s  a f i s h  
production technician. 
I found t h a t  my a b i l i t y  t o  catch fish wfth ne ts  made handling f i s h  
a m o t h  operation. I n  addi t ion knowing t h e  d i f f e r en t  species a t  a 
glance simplified handling of t h e  f i s h  even more. When feeding f i s h  
I knew what each f i sh  normally a t e  i n  t h e  wild and could guess at what 
they  would eat, i n  capt ivi ty .  These and several other  r e l a t ed  s k i l l s  
helped considerably when working a s  a f i s h  productfon technician. 
Some th ings  t h a t  need t o  be improved are t o  b e t t e r  understand 
t h e  nu t r i t i ona l  requirements of t h e  fish and t o  explore a g rea t e r  
va r i e ty  of feed sources. Iden t i f i ca t ion  of diseases needs t o  be 
more refined, as w e l l  as, what t h e  effective treatments a r e  f o r  each 
disease. 

AWA HIX 
This feed was an experimenbl dry feed designed speciffcal ly  f o r  
mullet and awa brood stock. 
It consis ts  of 30.6p crude protein and i s  vade of t  
5 9  wheat middling - 1 mn 
14% f i s h  meal - tuna meal 1 m 
14s cotton seed m e a l  - 1 mm 
14% soybean ~ e a l  - 1 m 
3% bakers yea st 
These ingredients were mixed i n  a dry  form and nade i n t o  a p s t y  dough 
jus t  p r io r  t o  ,feeding. The mix was readi ly  eaten by these f i s h  and 
t he re  was an obvious weight gain when f i r s t  introduced; however, t h e r e  
were maw problems with t h i s  feed. Fish kept indoors would not mature 
and develop f a t t y  l i v e r s ,  an indicat ion of nut r i t iona l  deficiency. The 
cot ton seed component was found t o  pass through t h e  f i s h  with l i t t l e  
digestion, and t h e  wheat was found t o  form a gun t h a t  was poorly digested 
and sometimes blocked t h e  intest ine.  Yeast was found t o  be active 
and would release la rge  amounts of gas of ten severely bloating t h e  
f i sh .  Finally the silt  caused by the  finely gaound feeds clouded t h e  
water. This i r r f t a t ed  t h e  f i s h  a s  well as provided an excellent 
substrate  for bacter ia l  growth. 
Becanse of the above reasons, t h e  awa mix was modified by reducing 
t h e  wheat component and removing the  yeast  and cottonseed ent i re ly ,  
About 40s purina ca t f i sh  chow was added t o  supplement missing nutr ients ,  
This was  t,he feed i n  use B s  of August 1977. It seemed t o  have 
much less problem, but it s t i l l  needed a good binder t o  reduce t h e  
amount of s i l t a t ion .  
FOOTNOTES 
1 George Uemura. Comercial a m  fish pond operator. Waikane, 
Oahn. 
2 Albert Smith. Pathology, senior investigator. Oceanic Ins t i tu t e .  
3 .  Kuo, CM. 1975. Recent Progress on the  Control of Ovarian 
Developerit and Induced Spawning of Grey Mullet. Aquaculture 51 19. 
4 B i l l  Hadden. Fish Production, senior investigator. Oceanic 
I n s t i t u t e .  
5 B i l l  Madden 
6 Chave, M and Lobel, PS, 194. Marine and Freshwater Aquarium 
Systems for  Tropfcal Animals, mHI-SG-AR-74-01, p* 79 - 80. 
7 Gratzek, 3, 1976. Fish Pathology Workshop. Waikiki Aquarium* 
8 Chave, M and Lobel, PS. p. 81 - 83. 
10  Nash, CE and Kuo, CN. 1975. Hypothesis f o r  Problems Impeding 
t h e  Pass Propagation of Grey Mullet and Other Fj d i s h .  Aquaculture 5: 
pm 131. 
SUGGESTED RDERE2ICE3 
Chave, M and Lobel, PS, 1974. b r i n e  and Freshwater Aquanarine 
Systems f o r  Tropical Animals, UXIHI-SG-AR-~~-O~. 8 7 ~ ~ .  
Anon. 1977. Permits and Errvlronmental Requirements f o r  Aqua- 
cu l tu re  i n  Hawaii. Dept . of Planning and Economic Development. S t a t e  
of Hawaii . 
Horton, Howard, F and Alvin, G. 1976 C ~ ~ r e s e r v a t i o n  f 
~ i ~ h  Spe-tozoa and Ova. J. Fish. Res. Board Can* 33, 995 - 1000. 
Corbfn, JS. 1976. Aquaculture i n  Hawaii 1976. Dept. of Planning 
and Ecomwic Developent* S t a t e  of Hawaii. 
Bardach, JE e t  ale 1972. Aquaculture, The Fanning and Husbandry 
of Fresh Water and bfarine Organisms. Wiley and Sons, Inc. , 
Le i t r i t z ,  E and Lewis, RC. 1976. Trout and Salmon culture 
( ~ ~ t ~ h i ~ ~  ~ e t h o d s ) .  California Dept. of Fish and Game, Fish B u l l ,  164. 
Wood, JW,' 1474. Diseases of Pac i f ic  Salmon t Thwir Prevention 
and Treatment, 2nd edit ion.  S t a t e  of Washington. Dept. of Fish, 
Hatchery Division, 
Gosline, WA and Brock, VE. 1960 .' Handbook of Hawaiian Fishes. 
U d v e r s i t y  of Hawaii Press. 
American F isher ies  Society. Fish Health Section. Suggested 
Procedures for t h e  Detection and Iden t i f i ca t ion  of Certa in  Infec t ious  
Diseases of Fishes, U.S.D.1 . .  Fish and Wildl i fe  Service. 
Herman, RL* Prevention and Control of Fish Diseases i n  Hatcheries. 
Symposim on Diseases of Fish and Shel l f ish .  Special  Publication #15, 
American Fish Society, p. 3 - 15. 
Klontz, GW. 1973. Fish Health Management. Sea Grant Program 
Publication, Texas A and M University. 165 pp. 
Sarig, S .  1971. The Prevention and Treatment of Diseases of Warm 
Water Fishes under Subtropical Conditions wi th  Emphasis on In tens ive  
Fish Fanning. i n  Snieszko, SF and Axelrod, HR (edi tors) .  Book 3 of 
Diseases of Fishes. T. E, H. Publications, Inc., Neptune City,  N J ,  172 pp. 
Allison, R. 1958. New Control Methods f o r  I C H  i n  Ponds. Proceedings 
of t h e  World Symposium on Warm Water Pond Fish Culture. FfiO Fish Rep. 
( 5 ) ~  359 - 392. 
Arnold, DE, 1966. %larking Fish with Dyes and Other Chemicals. 
USF & W Service. Bureau of Sport Fisher ies ,  Tech. p p e r  10. -, 
Hassler, WD and Rainvil le,  RP, 1975. Techniques for Hatching and 
Rearfng Dolphin, Cory~haena hipourus, Through Larval and Juvenile Stages, 
UKC-33-75-31 
Gilberts ,  GA. 1971. Economic Feas ib i l i ty  of Aquaculture. Ameri- 
can J v u r a l  of Agr. Ec. 53 ( 5 )  8 919, 
Dassow, J A .  1973. Technical Basis f o r  Developnent of Aquaculture 
for Low Cost Food Fish. Yarine Fish Review 35 (11) 1 6 - 13. 
Trimble, GK. 1975. Legal and Administrative Aspects of a n  Aqua-  
cu l ture  Policy fo r  Hawaii: An Assessment, Center f o r  Science Policy 
and Technology A s s ~ S S I ? ! ~ ~ ~ .  Dept . of Planning and Economic Development. 
Phi l l ips ,  AM, Jr., 1969. Fish Physiology. Academic Press, Inc., 
New York. 
Halver, JE, 1972, Fish Nutrition. Academic Prhss, Inc., New 
York . 
